Inheritance of insulin sensitivity has been studied on C57BL, KK and their F1-hybrids with or without the yellow obese gene (AY).
Our previous works indicated that KK mice inherited diabetic traits, which were intensified enough to establish overt diabetes by obesity caused by the yellow obese gene (Iwatsuka et al., 1970) . We confirmed that the adipose tissue of KK mice showed congenital insulin resistance, which became more prominent with elevation of the blood glucose and plasma insulin. The development of diabetes in this strain is, therefore, likely to be due to increased resistance of peripheral tissue to insulin. Salans et al.,(1968) and Cahill et al.,(1967) showed that a decrease in insulin sensitivity of adipose tissue was associated with obesity in human subjects and in Wellesley hybrid mice. These findings support our results described above. Nakamura and Yamada (1963) Animals: Mice used in the present studies were bred in our laboratory as shown in Figure 1 . Male C57BL, non-yellow hybrid (aa: BB: CC or Cc), yellow hybrid (AYa: BB: CC or Cc), yellow KK (AYa: BB: Cc) and KK (aa: BB: Cc) were used at the age of 6 to 11 weeks. They were given a laboratory chow (CE2, Clea Japan Inc.) and water ad lib.
Glucose tolerance test and insulin tolerance test:
Endocrinol. Japon. December 1970 Fig. 1 . Offsprings of crosses in the present studies. Figure 3 illustrates changes in the blood glucose level after intraperitoneal injection of insulin. Judging from the fall of the blood glucose, KK was defined as "insulin resistant" and C57BL as "insulin sensitive." The hybrid showed intermediate sensitivity between those of the parental strains.
Enhancing action of insulin on glucose-1-in vitro (Fig. 4) . These experiments also indicated the difference in the hormone sensitivity among three types of mice. in Table 1 , the enhancing action of insulin observed in the hybrid agrees with the mean of those of the parental strains, whether the effects are expressed by percent increase or increment of the activity.
Effects of the yellow obese gene on F1-hybrid Figure 4 illustrates the effects of insulin on the glucose oxidation by adipose tissue in four types of mice. Enhancing action of insulin was lower in yellow mice (yellow hybrid or yellow KK) than in their respective non-yellow littermates (black hybrid or KK) . The action of the hormone observed in yellow hybrid was much higher, in comparison with that in yellow KK or KK. These results indicate that the yellow obese gene diminished insulin sensitivity of adipose tissue of the hybrid as in the case of KK, and that the difference observed between the hybrid and KK persists in the presence of the yellow obese gene. Table 2 shows other changes caused by the yellow obese gene in the hybrid. Yellow hybrid showed hypertrophy of the adipose tissue and higher level of the plasma insulin, but did not show any increase in the blood glucose level when compared with the non-yellow hybrid . On the other hand, yellow KK showed advanced diabetic state as indicated by marked increases in adipose tissue weight , the blood glucose and the plasma insulin level. Histological finding that degranulation of B cells occurred in yellow KK, but not in yellow 
Discussion
Several investigators (Nakamura, 1962; Tsuchida, 1966; Dulin and Gerritsen, 1967) have reported on insulin resistance and glucose intolerance of KK strain. These findings were also confirmed in the present studies, using C57BL as the control. F1-hybrid between C57BL and KK clearly showed intermediate insulin sensitivity to those of the parental strains in vivo and in vitro. These results indicate that insulin resistance is subjected to genetic factor(s), presumedly polygenes. Polygenic inheritance of insulin resistance in KK mice may be suspected from the genetical analysis of this strain by Nakamura and Yamada (1963) in which glucose intolerance and hypertrophy of pancreatic islets were proved to be determined by polygenes. However, further studies, such as backcrossing between parental strains and F1-hybrid, will be necessary to confirm polygenic inheritance of insulin resistance.
It has been reported that obesity decreases insulin sensitivity of adipose tissue and increases plasma insulin level in human subjects (Salans et al., 1968) and in Wellesley hybrid mice (Cahill et al., 1967) . In the present studies, we observed the same actions of obesity due to the yellow obese gene in yellow hybrid as in the case of yellow KK (Iwatsuka et al., 1970) . Marked differences in the blood glucose level, the plasma insulin level and degranulation of B cells between yellow hybrid and yellow KK may be accounted for by the difference in insulin sensitivity of adipose tissue: the sensitivity of yellow hybrid was much higher than that of yellow KK. These results suggest that susceptibility of mice to diabetogenic action of obesity may depend on insulin sensitivity of peripheral tissue which is determined genetically. Hellerstrom and Hellman (1963) observed hyperglycemia and degranulation of B cells in yellow obese mice, and these results seemed inconsistent to our present findings. The discrepancy may be explained by the effect of age on insulin sensitivity of adipose tissue, because the mice used by Hellerstrom and Hellman are much older than yellow hybrid in the present studies. De Fronzo et al.,(1967) observed age-dependent decrease in insulin sensitivity of adipose tissue in rats. We also found the same event in KK or yellow KK (Iwatsuka et al., 1970) .
In conclusion, KK strain carries genetically determined impairment in insulin sensitivity , which may cause higher susceptibility to such diabetogenic factors as obesity or age, lowering the hormone sensitivity of periphery .
